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® Tranadarmal dalh^ery devica for eslradlo! and process for manufacturing said device. 

® A transdermal delivery de»/ica for eatradlol comprisaa a flexible aubatrate and a releasahle protective film. 
The protected surface of the flexible substrata is a! least partly covered with a ccating layer containing (a) a 
darmatotoglcally acceptable pressure sensIWe adhesive material for securing the device to the skin, (b) estradiol 
homogeneously distributed as a pharmacologically actWe ingredient and (c) a component which enhances the 
rate of estradiol permeation and which comprises from 1 to 20 wt% of at feast ono nrst compound selected from 
unsaturated (Ci2-C18) fatty acids and alkyi esters thereof, and from 5 to 30 wt% of at least one second 
compound selected from glycerin and {C3-Cs)alkylene 1.2-diols, the percentages being based on the total weight 
of said coaling layer. 

A process for manufacturing such a device is also decribed. 
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TaANSDERfitAL DEUVERY DEVICE FOR ESTHADIOL AND PROCESS FOR MANUFACTURING SAJDT3EVTCE 

The pfossnt Invention ralataa to a davica or aystam {heralnaftar "davlca") for lha administration of 
asfradloi by ih© transdarnnal or percutaneous routa. and to a prccesa for manufsduring said devlca. 

SACKGROUNO OF THE INVENTION 

9 

Tha transdermal or percutaneous administration of dnjga provides a new and usaful aitematJvo to 
classical methods, and has been developed since 1960 (R.W. Baker and J. Farrant "Patents In transdarmal 
dnjg delivery", Drug Delivery Syatema 1887 Conference Prcceedlnga) for the syslamatic treatment of 
various medical conditions to provide constant and efficient levels of nitroglycerin In the blood {USSN 
70 608257 filed 6th November 1985, USSN 275215 filed 1Gth April 1986/85 and U.S. Patent No. 3996934); and 
aiso to administer various types of steroids, such as ethynyl estradiol <EPA 0279282), estradiol (USSN 
808237), and various antf-inflammatorles (EPA 0267917), for example. 

All known devices have In common a bandage or flexible substrata, a protectWe release film and a layer 
in which the active Ingredient Is dispersed In a vehicle which, In certain cases, contains adhesive 
T5 components ("adhesive device") and In other cases an adhesive mataria) is provided In an oxtarnaJ layer 
and the active ingredient Is contained in a separata layer or Intermediate matrix (these devices are called 
rggpectiveiy "monolithic de'/cas" and "resen/olr devices", see R.W. Baker et. al, supra). 

W!ih the devices proposed and developed in the prior art. adjuvants known as "increasers", 
"enhancers" or "permeation enhancers" are also included for Increasing the rata of permeab*on of the active 
so ingredient in addition to dimethytsulfoxide and azone (vdodecylhexahydro-2H-a29pln-2-one) (EP-A- 
0251245). athanol, propylene glycols, other alcohols, tcng-chainod fatty acids (and esters thereof) etc.. have 
been also prcpcssd ( R.W. Baker et al. supra ). 

It has now been found that a further transdermal delivery device for estradiol can be obtained and is 
suitable for the treatment of side effects and menopausal disorders such as hot flushes, depression, 
s: ostacpcrosis. having rapid and sustained effects depending on the use of a binary "enhancer" component 
including a combination of at least one compound seiected from unsaturatad fatty acids (Cu-ds) and alkyi 
esters thereof wHh at least one compound selected from glycerin and (C2-Ci)alkyIena-1,2-giycois. 

It is an object of the present invention to provide a transdermal delivery device fcr the transdenmai 
administraticn of estradiol (SAT) which allows a high transdermal flux with which il is possible to maintain 
30 estradiol at the required constant high level In the blood. 

This invention further relates to a transdermal delK/sry device for estradiol whereby metabolic degrada- 
tic-n of ©stradoi to estrone during permeation Is Inhibited to a large extant 

In one aspect, the present Invention provides a transdermal delivery devfca for estradiol comprising a 
flexible substrata and a releasable protective film, the protsctsd surface of said flexible substrate being at 
25 least partiy covered with a coating layer containing (a) a dermatologlcally acceptable pressure sensitive 
adhesive material for S3curing the device to the skin, (b) estradiol homogeneously distributed as a 
pharmacoiogicaHy active Ingredient and (c) a component which enhances the rate of estradiol permeation 
and which comprises from 1 to 20 wt% of at least ona first compound selected from unsaturated {Cia-C18) 
fatty adds and alkyl esters thereof, and from S to 30 wt% of at least one second compound selected from 
40 glycerin and (C3-C«)alky[ene 1.2-dlol3. tha percentages being based on Ihe total weight of said coating 
layer. . 

Tha 5S»radioi is prafarably present In an amount exceeding Its saturation concentration m said coating 

layer. 

In another aspect, the present invention provides a process for m.anufacturing the transdermal delivery 
device fcr estradiol, comprising tha steps of providing a coating layer on at least part of one surface of a 
fiaxibls substrate, asid coating layer containing (a) a dermatclcglcaliy acceptahia prassura sensitive 
adhssivs material fcr securing the device to the epldsnmls, (b) estradiol hcmogsneously distributed as a 
pharmcCGlccicaIfy acrlvs ingredient and (c) a component which enhances the rate of estradiol permeation 
'and v/hic'n ccmprises from 1 to 20 vrtV» cf at least cne first compound selected from unsaturated (Ct2-C18) 
BO fat^; acids snd aikyi esters theracf. and from 5 to 30 v/tV^ of at least ere "second compound selected from 
gh/cerin a.-.d (C3-C5)a!ky!sn3 1,2-dIoii?. the percentages bslng based on the tctal v/sight cf said coating 
layer; zr.-t providing a rsleasable protective layer which, in tha finished dovics. lies on the opposite side cf 
th9 coating layer to the flexible substrate. 

Prafsrsbly. lha amount of estradiol in said coating Isyer is In sxceas of tha saturalicn ccncsntratlon 
tharsin. 
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Convenienlfy, the coating layer ia provided by coatfng it on tha releasable protective layer, eg a ailicone 
layer, bringing the flexible substrate Into ccntacl with lha coating layer, and then cutting the resultant 
stnjctur© to the required ahapa and aba. 

The reieasable protective layer Is discarded Immadlateiy before the device 1: applied to the skin cf a 
5 patient. Obviously, the formulation of the coating tayer, paiUcuIariy the adiissiva material, la not cnly 
dsnmatolcglcally acceptable hut also pharmscoicgicaliy accaptafcle. 

I) Tna adiieslve material may be selected from a wide variety cf praasure-senslUve adhesive mats rials 
such as silicones, rubber, PIB (potylsobutylene) and acrylic adheslves. 

II) A reinforcing component (solid) which may be selected from the polyterpene resins, such as PIccolyte 
10 S115 (a terpens resin). Wlngtack 115, modified colophony resins such as Pentaiyn (an esterrfled ' 

colophony resin with pantaerylhrltol), etc. may also be Included. 

Amongst materials suitable for the flexible substrata, cellophane (ceilulcse xanlhate f!im), Sa/an 
(poiyvinylidene chloride film), polyvinyl chloride coatings, polyesters such as polyethylene terephthaiata 
including binary structures, such 'aa aiumlnium-polyelhylene coatings, polyester-polyethylene coatings, etc, 
15 may be used. 

For the roieasabte protective layer, any of the above-mentioned coatings for the substrate can be used, 
preferably polyesters, such as polyethylene tefephthalate, etc covered with a silicone to prevent sticking of 
the adhesive. 

An amount of estradiol In the adhesive matrix of from about 1 to 5 per cent, preferably 2 per cent, by 

20 weight based on the total weight of the coating layeradhesive matrix. Is sufficient for the purposes of this 
invention. The amount of estradiol preferably exceeds the saturation concentration thereof In said coaling 
layer In order to keep the flux at a constant rata and thereby maintain a more constant level of estradiol in 
the blocd. Indeed, it le possible to formulate coating layers without reaching saturation levels if the required 
dosage and the estradiol level so requires It 

35 The estradiol permeation enhancing component performs a vital role In the maintenance cf constsnl 
systemic levels of estradiol. 

The above mentioned alkylene diols and, particularly propylene glycol, have baen proved to ba an 
inhibitor of the sMn metabolism degradation of estradiol to estrone, that Is to say. the skin not only has a 
passive role recognized as protector against the penetration of exogenous agents, since it has been 

30 demonstrated as being a metabcllzer of certain substances^ among them estradiol which undergoes 
enzymatic degradation to estrone. 

Tests conducted by tne applicant have shown that propylaneglycol Inhibits the enr/matic mechanism 
that causes the degradation of estradiol to estrone. Therefore, the propylaneglycol added (and other low 
chain alkylanediols) complements the enhancer effect of the fatty acids by avoiding or reducing estradiol 

35 degradation, thereby enabling systemic estradiol levels to be obtained which are higher than those 
obtainable by conventional transdermal delivery devices which operate without blocking said enzymatic 
mechanism, but which use, for example, dale acid as "enhancer", as will be appreciated from Tahle 4 
hereinafter. 

The present invention wil be further described in the follov/lng Examples 
EXAMPLE 1 

Preparation of formulas containing estradiol. 
A) Preparation of an adhesive mixture, 

4.3 To a vinyl ace tate/acry late polymer scluticn diluted with ethancl/toluane/ethyl acetate to 30% solids, a 
sclid rosin tackifler component (Pantaiyn A) la added with stirring at room temperature fcr a period of time 
necessary to obtain a homogeneous mixture (for about 4 hours) 

a) Preparation of formula containing estradiol. 

JO 

To the material prepared in atsp A) above, v/hilst stirring, estradiol and the parmeation rate enhancer (a 
rrixt'jrs of oisic acid end propylene glycol) are added. A clear solution 13 obtained and kept i.T a closed 
vassel to avoid evaporation cf the solvent medium until air bubbles have dispersed. Finally, the solution is 
filtered through a stainless slava (100 mash). 

BS 

C) F.'Sparaticn cf tha iransdernnsl delivery de*/ic3. 

On a flexible laminate (which latar dsftnes th;a relsasafcla protective layer), the soluvion prepared as 
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dflscribad above, la applied by moana of a conventionaJ coating davlc&. Said solution Is applied to one of 
tJiQ surfaces of the flsxible laminate (which may, for example, be a polyester film previously sprayed wWi 
silicone) to form a layer of pradetermlned thickness, for example, 400 micrometres, and Is subso^uerrt dried 
by hot air circulation. 

6 The thua-coatsd ainconissd polyester la laminated on a second flexible film which constitutes the 
substrata In the finished device. 

The process ends wlih cutting to size, for example, by means die cutting of the mulHHayer laminate to 
form shapes of the desirad geometry end size. 

7?HAMS0ERMAL PERMEABIUTf AND ESTRADIOL BIOAVAIUXBIUTY OF TRANSDERMAL ADMINISTRATION 

ESTRADIOL 



The rate of esb-adlol permeation In the fonnulatlcns according to the present Invention, wae examined 
rs "in vivo" by measuring the estradiol blood le'/ol In 6 voluntary post-ma nopausal womsfj, using devices of 
different -surfaces as described In Example 1, ectracjiol concantratfon being measured In tJia blocd plasma 
24 hours after application. 

The Table 1 below llluslrates the result obtained 

20 TABLE 1 



Device 


Estradiol level In plasma 


surface (cm^) 


(pg/ml) 


8.5 


20.5 ± 2.4 


17 


50.5 t 9.1 


25 


1 21 .8 i 37.2 




(mean values t SEM) 



00 

The experiment was repeated with the device of Example 1 cut to 17cm2 to verify the amount of 
estradiol accumulated In the bleed plasma. In assays lasting 72 hours. 

TABLE 2 

OS 



Time 


Estradiol level (pg/ml) 


24 hours 
48 hours 
72 houra 


50.50 19.11 
62.75 ± 11.76 
48.34 1 6.55 
(mean values ± SEM) 



^5 Furthermore. "In vilro" permest'cn experiments wHh abdominal mouse skin and human sfdn were made 
using the diffusion chamber that Is schematically shown In longitudinal section In Fig. 1. 

The diffusion chamber illustrated In Fig. 1 comprises a body having front and rear tubular sections 1 
and 2 having respecUva annular end flanges 3 and 4 by which the sections 1 and 2 are Joined together. A 
sample cf skin 5, with attached estradiol delivery device D to be tested facing the rear tubular section 2. Is 
so clamped between the flanges 3 and 4 by means of a plncfi clamp 6. 

The tubular section 1 has an internal chamber 7 with an opening 8 furnished with a glass stopper 9. The 
rjbular asction 1 also has a Jacket 10 through which v/arm water can be circulated to maJntaJn the contents 
cf the chambrr 7 at the dssired temperature. The chamber 7 contains a magnetic bar stirrer 11 wh/ch is 
rctateble by means of a magnetic I:ald applied by a:<temal means (not shown) to enable the contents of the 
55 chsmber 7 to be starred. 

The tubular section 2 has a chamber 13 with an cpsnlrg 13 furnished with a glass stopper 14. 
In the assay, the skin cf Swtse mice, shaved 72 hours before the experiments, was employed. Also 
used was human stratum comeum obtained from human skin samples (remnarrts of plastic surgery) which 
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hed been treated by Immersion In watar st 60 'C for a minuts In order to Eeparata the strataum comeum 
tharsfrom by axfoHattcn. • 

Both ths halrlaes mouse skin and the human stratum ccmeum with estradiol delivery device attached 
were damped between the flangea 3 and 4, as shown in Rg. t. with the dermla towarda chamber 12 which 
s le a receptor chamber. Each experfmant was started by loading chamber 7 with 5.5 ml of a receptor 
solution of sodium laurylaulfats (0.5 %). starting the atln^r 11 and taldng samples at pre-detennlned periods 
of time and the subsequent determination of penmeated eatrBdlcl (by HPLC). 

The following lllustratBS the results obtained In ossaya parformad under ttie above mentioned conditions 
uaing devices as dascribad In Example 1. 

fO 

TABLE 3 





Rux (p.g/cfn^cur) 


Accumulatsd Estradiol 
Permeation (ug/cm*) 


5 h 


24 h 


4dh 


6h 


24 h 


4dh 


Mouse skin 

Human Slrateum Corneum 


1.23 
0.24 


1.07 
0.84 


2.58 
0.68 


8.39 

i.ia 


26.59 
13.94 


57.68 
. 48.91 



The Inhibition of the mechanism of the enzymatic degradation from eab-adlol to estrone to* pr> 
pylsnsgtycoi has been studiad using the same device as illustrated In Rg.1 as follows: 

23 INHIBITION OF THE ESTRADIOL METABOLISM IN HUMAN SKIN 



Slrateum corneum was eliminated by scraping with a surgical knife at 37* C 
CONTROL: Saturated solution of estradiol In saline solution. 
30 PPG : Saturated solution of estradiol In saline solution + 10% PPG. 
Tha results of tv/o eets of experiments are shown (n«3 aach). 

TABLE 4 



55 





Estradiol 


Estrone 


roEstradlol 


%Inhlb 




(nmol/ml) 


(nmcl/ml) 


metabolized 










(Et.100//Ej + Ei) 




&<p. 1 










Ccntrol 


2.02 


0.73 


21.8 


66.0 


PPQ 


3.51 


0.27 


7.4 




Exp. 2 










Control 


2.94 


0.S3 


15.3 


57.2 


PPQ 


2.71 


0.19 


8.55 





This shcv/3 estradiol metabolism In human skin. Under the control ccndillons the melabotUe. estrone, 
so v/33 betA-een 21.8 and 15.3% of tha estradiol prasent In the Incubation bath, while with PPG 10% the 
conversion was Inhibitad by 57 - 63'Vo. In mcuse skin, the controls reautled in a change of 7-15% suffering 
an Inhibition to 1 -2% v/ith PPG. 



55 Clalmj 

1. A transdermal deliver/ device for estradiol comprising a flexible substrata and a raleasable protecllva 
film, the protsctad surfaca of said flexible substrata being at least partly covered with a coating layer 
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containing (a) a dsrmatologlcally acceptable pressure aenaltve adhesive matsrial for securing me devlca to 
tft9 skin, (b) estradiol he mcgenecusty distributed as a pharmacologically active Ingredient and (c) a 
component which enhsncea the rate ct estradiol permeation and which comprises from 1 to 20 wt% of at 
least one first compound selected from cnaaturatad (Ci3*Cl8) fatty aclda and alkyi eaters thereof, and from 
5 to 30 wt% of at least one second, compound selected from glycerin and (Ca-Cfi)aJkylena 1,2-d!ol3. the 
percenUges toeing based cn the total v/elght of said coating layer. 

2. A device according to claim 1. wherein the amount of estradiol in the coating layer exceeds the saturation 
concentration thereof. 

3. A device according to claim 1 cr 2, wherein said coating layer comprises In an homogeneous mixture: 

I) a polymer vehicle selected from silicones, ecryllc or methacryiic polymers, natural or synthetic rubber 
and mixturee thereof; 

ii) an adhesive matsrial selected from polyterpenes. modified coiophony resins end mbrturae th.ereof. 

4. A device according to claim 1, 2 or 3. wherein said component comprises oleic acid and propytereglycol 
In a ratio of 1^1.5 to 1:5. 

5. A device according to claim 4, wherein the ratio Is 1:1.5, 

8. A device according to any' preceding claim, wherein said flexible substrate Is of cellulose xanlhate, 
aluminium^ a polymer cr a lemirata of any two or mora thereof. 

7. A device according to claim 6. wherein the polymer Is a polyvinyl chloride, polyvlnyiidene or polyethyl- 
ene. 

8. A device according to any preceding claim, wherein the amount of estradiol in the coating layer is 
sufficient to maintain its concentration at least at saturation levsl during predetermined periods of time. 

9. A process for manufacturing a transdermal delivery device for estradiol, comprising the steps of providing 
a coating layer on at least part of one surface of a flexible substrate, said coating layer containing <a) a 
dermatolcgicaily acceptable pressure sensitive adhesive materia) for securing the device to the epidenmis, 
(b) estradiol homogeneously distrlbutsd as a pharmacolcglcally active ingredient and (c) a component which 
enhances the rate of eslradici permeaiicn end which comprlaes from 1 to 30 wt% of at least one first 
compound selected from unsaturated (Ci2-Cia> fatty acids and aikyl esters thereof, and from 5 to 30 wt% 
of at least one second compound selected from glycerin and (C3-C«)alkylene 1,2-dioi3, the percentages 
being based on the total weight of said coating layer, and providing a releasabia protective layer which.- in 
the Rnlshed device, lies on the opposite side of the coating layer to the flexibia substrate. 

10. A process according to claim 9, wherein the amount of estradiol in said coating layer is in excess of the 
saturation concentration therein. 

11. A process according to claim 9 cr 10, wherein the coating layer is provided by coating it on the 
releasable protective layer, bringing the fiaxible substrate into contact with the coating laysr, and then 
cutting the resultant strjcturs to the required shape and size. 



3 



16/12^^57 



BlOGLP>i,gB 46 40 291955 ^ C84409550 ^ ^"^^ 



EP 0 430 491 A2 




7 



16/12^97 • 11 '22 E [ OGLPN^B AS 40 2S1S55 ^ e£44eS55e NR. 011 G2z: 



® 




Europ^factiea Patantanrt 
European Patsnt Oflica 
Otfica europrfen dea br^vata 




© Pubncatlcn number: 0 430 491 A3 



® 



EUROPEAN PATENT APPLICATION 



(S) Application number: 90312435,2 
© Oats of filing: 14.11.90 

® PriOTfty: 17.11.89 M 315479 

® Date of publication of application; 
05.d&91 Bu/f6lln 91/23 

® Designated Contracting States: 

AT BE CH DE DK E3 FR QB QR IT U LU NL 

® Date of deferred publication of the search racort- 
27.12.91 Bulletin 91/62 ' 



® Int^ClA AS1L 15/16 



© Applicant: LABOHATOfllOS BETA S^A. 
Av. San Juflfi 2256 
Buanoa Alr9a(AH) 

® Inventor Slafano, Francisco Jos^ Evarlato 
las Heraa 3507 
Buenos AlraafAR) 
Inventor: NowcsflrodaW, Joae Adrian 
OIa2 V*Ia2 4580, 5tft Floor 
Busnca AJre9(AB) 

Inventor: Carrara, Darlo Norbarto Ramon 
Vardl 217S, Hurllngham 
Buonos Alraa(AR) 

© Repreaantative: Pear c©, Anthony Rfchmond 6t 
at 

r^ARKS & CLERX Alpha Tower Suffolk Street 
Quaanaway Birmingham B1 ITT(GB) 



CO 



® Tranadarmal delivery device for aatradlcl and proce« for manufacturing aald devlca. 



©A transdermal delivery devlca for estradiol com- 
prfsas a flexible substrata and a releaaable protac- 
tive film. TTie protected surface of the flexible sub- 
strate Is at least partly covered with a coating layer 
containing (a) a dermatolcglcally acceptable pras- 
sure sensltve adhesive material for securing the de- 
vlca to the skin, (b) estradiol homogeneously distrib- 
uted as a phannacologicaily actfve Ingredient and (c) 
a component which enhances the rate of estradiol 
permeation and whfch comprises from 1 to 20 wt% 
of at least one first compound selected from unsatu- 
rated (C;a-C18) fatty adds and alJcyl eaters thereof 
and from 5 to 30 v/t% of at least one second 
ccmpcund selected from glycerin and {Ca-C:)- 
allcylene t.2-dloIs. the percentages being based cn 
the total weight of ssid coaling layer. 
A process for manufacturing such a devlca is also 
dscrifcad. 
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